Studies of behaviour are increasingly focusing on acquisition of traits through cultural inheritance. Comparison of patterns of spatial population structure (F ST ) between neutral genetic loci and behavioural or cultural traits can been used to test hypotheses about demography, life history, and the mechanisms of inheritance/transmission of these traits in humans, chimpanzees and other animals. Here, we develop analytical expectations to show how F ST in cultural traits can differ strongly from that measured at neutral genetic markers if migration is largely restricted to one sex but social learning is predominantly modelled on the other (e.g. males migrate, females serve as models for cultural traits), if one individual is the learning model for many, or if rates of innovation (individual learning) are high or rates of social learning are low. We discuss how comparisons of F ST between genetic loci and behavioural traits can be applied to evaluate the importance of innovation in shaping patterns of cultural differentiation, as even low rates of innovation can considerably reduce F ST , relative to observed structure at neutral genetic loci. Our results also suggest that differentiation in neutral cultural traits should occur over much smaller scales in species with male migration and female enculturation (or the reverse). Ó
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In their seminal papers on chimpanzee, Pan troglodytes, and orang-utan, Pongo pygmaeus, cultures, Whiten et al. (1999) and van Schaik et al. (2003) documented patterns of differentiation among groups in a range of behavioural traits. The authors argued that these patterns could not be explained by differences in ecology, and hence concluded that at least some of these traits are likely to be culturally inherited. Considerable controversy has surrounded the problem of cultural transmission in chimpanzees, as some have argued that observed patterns could also be consistent with a genetic basis for behaviours (Laland & Janik 2006) , while additional evidence has been presented based on cladistic analysis suggesting the behaviours are more likely to be culturally inherited (Lycett et al. 2007 (Lycett et al. , 2010 . As other research on chimpanzees has failed to find significant differences between patterns of variation among groups for genetic loci versus behavioural traits (Langergraber et al. 2011) , the extent to which these behaviours are culturally inherited remains unclear. Even assuming many of these traits are culturally inherited, there is little understanding of why they are present in some groups but not in others. What is the role of geographical barriers or the relative contributions of social versus individual learning for the maintenance of variation of cultural traits between groups?
Several of the traits studied in the great apes seem unlikely to be closely tied to fitness, such as the kiss-squeak in orang-utans or the rain dance in chimpanzees, and might therefore be expected to evolve neutrally. For neutrally evolving genetic traits, measuring the ratio of variance in allele frequency partitioned within versus among groups (population structure, F ST ; Weir & Cockerham 1984) has provided a powerful means to study patterns of dispersal and make comparisons among species (Manel et al. 2003) . Data on population structure in cultural variants have also been used to study the evolution of birdsong (Lynch & Baker 1994) , and to test models of cooperation in humans (Bell et al. 2009 ). As studies continue to collect data showing variation in behavioural traits within and among groups, measures of population structure may provide a relevant approach to analysing these data and making inferences about the mechanism of transmission. Explicitly applying an approach using F ST to study population structure, where frequencies of alleles (genetic markers) are replaced by abundance frequencies of cultural traits (cultural markers), could increase the power of studies that have relied on comparisons of patterns of variation among groups averaged over many traits (in the absence of data on variance among individuals within groups, e.g. Langergraber et al. 2011) .
Even for neutral traits, however, many factors may affect F ST for cultural traits differently than they would affect F ST for genetic traits (Cavalli-Sforza & Feldman 1981; Boyd & Richerson 1985) . For
